been the subject of several recent reviews, and the Englmeier, 1998; Gö rlich and Kutay, 1999; Macara, 2001;  reader is referred to these for details and references Weis, 2002 of nuclear localization and nuclear export signals in canAll transport receptors of the importin/exportin family can bind to at least some targets directly (either alone didate proteins remains extremely difficult.
To fully explain the biochemistry of Ran-regulated or in a complex with RanGTP). As illustrated in Figure  1 , a single round of RanGTP hydrolysis is expended to substrate binding and release, a detailed knowledge of the importin/exportin protein structure is necessary. transport one cargo unidirectionally across the nuclear envelope in this direct binding mode. However, it has Unfortunately, no three-dimensional structural information is currently available for the exportin subclass of also become apparent that some transporters are able to carry cargoes bidirectionally across the nuclear envetransport receptors, and very little is known about the basis of their RanGTP binding requirement for substrate lope. For example, distinct import and export cargoes have been identified for both importin 13 in mammals recognition. However, crystal structures of importin ␤ and transportin 1 (also known as karyopherin ␤2) were ( been generally believed that the pore is highly asymmetric with respect to its cytoplasmic and nucleoplasmic but they increase the efficiency of the trafficking event.
As discussed in more detail below, cargo binding and organization. Another surprise emerging from these studies is the release must be tightly regulated on the opposite faces of the NPC to prevent retrograde movements of the relatively low sequence conservation of nuclear pore proteins between species. This is rather unusual for a cargo receptor complexes, and additional cofactors may be critical to spatially and temporally coordinate structure of this size, since components of large protein complexes tend to participate in a large number of critithese events. 
Binding to peripheral FG-repeat-containing nucleoporins increases the probability of entering the channel and thus facilitates the translocation step. Translocation itself occurs by Brownian motion (left panel). The selective phase model (Ribbeck and Gorlich, 2001) puts forward that the NPC channel represents a selective phase consisting of a meshwork formed by weakly interacting, hydrophobic FG-rich repeats. The selective phase can only be entered and permeated by transport receptors that can interact with FG-repeats and disrupt the meshwork (middle). The "oily-spaghetti" model (Macara, 2001) proposes that the open NPC channel is filled by hydrophobic, non-interacting FG-repeats that can be pushed aside by receptorcargo complexes but prevent the passage of other molecules (right). The inserts show a cross-section through the central channel of the NPC according to the three models.
Furthermore, the specific interaction between various sites of the NPC (Nachury and Weis, 1999). These irreversible steps are best understood for transport events transport receptors and FG-rich nucleoporin domains present in a high copy number in the NPC have been mediated by importin ␤ like transport factors, which are terminated by RanGTP binding or GTP hydrolysis on the well characterized. The biggest remaining problem is to understand the mechanistic details of how the NPC opposite faces of the NPC ( Figure 1B ). It has also been proposed that an increase in affinities operates to achieve its exquisite selectivity and how it can mediate the large number of translocation events for transport factors along the NPC channel could contribute to the vectorial nature of transport (Ben-Efraim through its long central channel.
The energetics of nuclear transport have been studied and Gerace, 2001). This is unlikely for several reasons. First, transport of both empty and cargo-loaded recepin detail using in vitro transport assays. It was demonstrated that the metabolic energy, which is required to tors is fully reversible in vitro and occurs at similar rate in both directions (Kose et al., 1997; Nakielny and Dreyimport an importin cargo into the nucleus, is exclusively supplied by the RanGTPase cycle (Weis et al., 1996) . fuss, 1997; Nachury and Weis, 1999). Second, the core of the NPC appears to be highly symmetric, and most This is entirely consistent with the absence of any ). It was proposed that the that NPC selectivity is exclusively achieved by conimportin ␣/␤ dimer stoichiometrically sequesters and served FG-repeat motifs that are located within the pore inhibits an aster-promoting activity (APA) and that this and that no active gating process is involved in the inhibitory effect is locally relieved by RanGTP inducing translocation step. Although these three models share APA release around chromatin ( Figure 4B ). Two APA-like several similarities, they are distinct in the details of how activities were identified as the microtubule-associated the FG repeats operate to achieve selectivity ( formation simply by regulating the localized release of substrates from transport factors. However, the mechaIntriguingly, it was demonstrated that Ran immobilized on beads is able to induce the formation of nuclear nism remains unclear how Ran promotes membrane fusion or provides positional information to the topologienvelope-like structures. The structures that form around the Ran-coated beads contain NPCs and are cally complex formation of a nuclear envelope. Also, it is not known whether Ran plays a direct role in the able to mediate nuclear transport (Zhang and Clarke, 2000) . Furthermore, depletion of either RCC1 or Ran complex and poorly understood NPC assembly pathway. While it is intriguing that the NPC binding domain of specifically inhibits in vitro nuclear envelope formation at a very early step of the process (Hetzer et al., 2000) .
importin ␤ induces membrane formation around beads 
